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[Type of Document] Specif icaticn 

[Title of the Invention] Metallic Plate having Photocatalyst- 
Sipporting Filin Lanunated Thereto 
[Claims] 

[Claim 1 ] A metallic plate laminated with a photocatalyst- 
supporting film characterized in that the metallic plate is obtainable 
by laminating a photocatalyst-supporting film cnto the surface of the 
metallic plate by heat-pressing and is having photocatalytic activity 
capable of decorposing triolein at a rate of 5// g/cnf /day or more vAien 
irradiating UV rays in UV-A range at a strength of 3 irW/cnf under an 
atmospheric terrperature of 25 "t; and relative humidity of 70%. 

[Claim 2 ] The metallic plate laminated with a photocatalyst- 
supporting film according to Claim 1 characterized in that the 
photocatalyst-supporting film is made of polymer resin film in v*iich a 
photocatalyst layer is carried cn the film via an adhesive layer. 

[Claim 3 ] The metallic plate laminated with a photocatalyst- 
supporting film according to Claim 2 characterized in that the polymer 
resin film is a film cn vhich 2 or more resin films are laminated. 

[Claim 4 ] The metallic plate laminated with a fhotocatalyst- 
si^porting film according to Claim 2 or Claim 3 characterized in that 
the polymer resin film is made of a resin selected from a group 
consisting of polycarbonate resins, copolymers of 2 or more of 
polymethylmetacrylate resins or polyacrylate resins, poly (vinyl 
chloride) resins and oellcEhane resins. 

[Claim 5 ] The metallic plate laminated with a photcx:atalyst- 
stpporting film according to any of Claiins 2 through 4 characterized in 
that the thickness of the polymer resin film is in a range of f ran 5 to 
200// m. 

[Claim 6 ] The metallic plate laminated with a photocatalyst- 
supporting film according to any of Claims 2 through 5 characterized in 
that the adhesive layer is famed by coating a coating soluticn f or an 
adhesive layer containing a silane ccqpler as a hardoier. 

[Claim 7 ] The metallic plate laminated with a photocatalyst- 
supporting film according to Claim 6 characterized in that a coating 
soluticn for an adhesive layer prepared by adding a silane cxxpler in an 
amount of 0.1-5% by weight relative to the weight of the coating 
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solution as a hardener to a coating solution composed of a silicon ^ 
d^turated resin in an amDunt of 2-20% by v^eight Which contains either 
polysiloxane in an arrount of 10-50% by weight or colloidal silica in an 
aiTOunt of 5-30% by weight is used for the coating solution for an 
adhesive layer. 

[Claim 8 ] The metallic plate laminated with a photocatalyst- 
supporting film according to Claim 6 characterized in that a coating 
soluticn prqpared by adding a silane coupler as a hardener in an amount 
of 0.1-5% by weight relative to the wei^t of the coating solution into 
a solution containing either monoalkyltrimethoxysilanes or its 
Ir^olyzed product in an amount of 1-10% by weight and silica sol in an 
amount of 0.1-5% by weight is used as the coating solution for an 
adhesive layer. 

[Claim 9 ] The metallic plate laminated with a photocatalyst- 
supporting film according to any of Claims 2 through 8 characterized in 
that the thickness of the adhesive layer is in a range of from .0.5 to 5 
jc/m. 

[Claim 10] The metallic plate laminated with a photocatalyst- 
si?porting film according to any of Claims 2 through 9 characterized in 
that the piiotocatalyst layer contains a metal oxide sol in an amount of 
1-10% by weight as solid ocrrpcnent and titanium dioxide in an amount of 
1-10% by weight as solid carponont. 

[Claim 11] The metallic plate laminated with a photocatalyst- 
supporting film according to any of Claims 2 through 9 characterized in 
that the photocatalyst layer contains silica sol in an amount of 1-10% 
by weigjit, either of m^noalkyltrimethaxysilane or its hydrolyzed product 
in an amount of 1-10% by weight and titanium dioxide in an amount of 1- 
10% by weight. 

[Claim 12] The metallic plate laminated with a photocatalyst- 
stfporting film according to Claim 10 or Claim 11 characterized in that 
the thickness of the photocatalyst layer is in a range of from 0.1 to 5 
/zm. 

[Claim 13] The metallic plate laminated with a photocatalyst- 
supporting film according to any of Claims 1 through 12 characterized 
in that the metallic plate is a metallic plate selected from a group 
ccxisisting of iron plate, steel plate, aluminium plate and aluminium 
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alloy plate. 

[Claim 14] The metallic plate lamirated with a photocatalyst- 
su^porting film according to any of Claine 1 through 13 characterized 
in that the metallic plate is any of resin-coated metallic plate, 
paint-coated metallic plate and enamelled metallic plate, v^iich are 
coated in either single or multiple layers with one or more resins 
selected from a group consisting of poly (vinyl chloride) resins, 
polyethyleneteleftithalate resins and polynethylmetacrylate resins. 

[Claim 15] The metallic plate laminated with a photocatalyst- 
si^porting f ilin according to any of Claims 1 through 14 characterized 
in that the shape of the metallic plate is any of plate-form, tubular 
and corrugated-form. 

[Claim 16} A nethod for preparing a metallic plate laminated with 
a photocatalyst-supporting film characterized in that the laminated 
metallic plate is prepared firstly by coating a coating solution for an 
adhesive layer v*ierein a silane coupler as a hardener is added cnto a 
polymer resin film ^ then drying it and subsequently coating a coating 
solution for a photocatalyst layer onto the adhesive layer and then 
drying it to prepare a Etotocatalyst-supporting film vMch carries the 
ptotocatalyst layer on the polymer resin film via the adhesive layer, 
and then laminating the photocatalyst-si^porting film onto the surface 
of the metallic plate by applying heating and pressing. 

[Claim 17] Reflecticn plates for lifting equiprcnts, outdoor-use 
signboards and other signs, hare-use electric ^liances, guardrails and 
road signs using the metallic plate laminated with a photocatalyst- 
suipDrting film according to any of Claims 1 througfi 15 at least for the 
part of them. 

[0001] 
[ Field of Invention ] 

The present invention is related to a metallic plate, a metallic 
plate coated with resin, a painted metallic plate and an enameled 
metallic plate, which are obtainable by laminating thereto a 
photocatalyst-supporting film having deodorant, antif louling, 
antibacterial, antifungal and other effects by means of heat-pressing, 
a method for preparing such metallic plates and various products for 
vtiicih such metallic plates are applicable. 
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[0002] 
[ Prior Arts ] 

Titanium dioxide^ vAiich is n-type sendooaiductor, has been known as 
a photocatalyst that activates various chemical reactions with 
ultraviolet radiation energy, such as chemical reactions resulted in 
during a process of pasteurization and decoitposition of organic 
substance. Cn the other hand, various methods to carry a photocatalyst 
laye;r onto a glass plate, plastics, tiles, etc. have been proposed (See 
JP Laid-<pened Nb. Sho 62-66861 ard No. Hei 5-309267, EP 633064 and USP 
4888101) have been proposed. However, a metallic plate which is 
laminated with a photocatalyst-supporting film, particularly the one 
composed of widely-used polycarbonate resin or cloth-reinforced 
poly (vinyl chloride) resin and capable of carrying a photocatalyst 
without loosing photocatalytic activity, has not been kncwn. Further, 
a method to maintain deodorant, antifouling, antibacterial and 
antifungal effects for a long time by efficiently utilizing 
photocatalytic activity given by the metallic plate being laminated 
with such photocatalyst-sufporting film has not been reported. 
[0003] 

In the past, outdoor installed soundproof walls made of 
polycarbanate resin plates or a resin reinforced with poly (vinyl 
chloride) -absorbed fibers get stained easily with dust and smoke, 
nomnally develop disODloraticn thereof and disfigure during a few months. 
Further, such scundproof walls gets mold growth thereon thanks to great 
amount of plasticizer corponents contained in poly (vinyl chloride) 
resin, and a method to coat a f luororesin onto the surface of such 
soundproof wall as a countermeasure. However, the coating of a 
f luororesin tends to increase the water repellent property on the 
surface and the oil affinity, vMch makes attaching of dust and srvoke 
to the surface of such resin plates more easier. Based on the 
characteristic of titanium dioxide that spears to show hydroE*iilic 
property v*ien it is subjected to ultraviolet rays in the atmosphere, a 
method to facilitate washing of attached oil corponents, such as oil 
mist, with water, particularly by raining, by making the surface of 
outdoor structure hydrc^Mlic with titanium dioxide (See JP Laid-open 
No.63-100042 gazette and WO 96/29375). This is to utilize a mechanism 
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that the structure surface which beccnBS hydrqphilic makes spreading of 
vater cn the surface easier, eventually alladng to float oil ocnpcnoits 
frcm the surface and to fall dcMi therefran. Hcwever, according to the 
method disclosed in those gazettes, there is practically a constrain in 
the application for soundproof walls for roads vAiere great amount of 
stain, such as exhaust of diesel cars, tend to firmly attach to such 
walls* 

[00041 

In WO 97-134 gazette, an example vfeLch enables to provide a resin 
structure having high photocatalytic activity and excel l^t durability 
prepared by means of carrying a photocatalyst layer composed of 
photocatalyst particles ccnplex containing metal oxide gel thereon via 
an adhesive layer composed of acrylsilicon resin added with 
polysilixane by either dipping or spraying method is disclosed. 
However, according to this inventicai, though it enables to provide a 
photocatalyst-supporting film of viiich reverse side is coated with a 
sticking agent, there is a disadvantage that photocatalytic activity 
deteriorates vflnen the film is subjected to laminating process by heat- 
pressing, that coating of a fliotocatalyst at high speed film formation 
get problematic due to insufficient hardening of an adhesive layer • 
[0005] 

A photocatalyst-supporting film prepared by providing a 
photocatalyst layer conposed of a photocatalyst corplex containing a 
metal oxide gel via an adhesive layer ocnposed of an acrylsiliccn resin 
added with polysiloxane onto a polyester film is capable of maintaining 
high photocatalytic activity and excellent durability, and this film is 
disclosed in WD 97-134. ffowever, it is gaierally difficult to laminate 
the polyester film by means of heat-pressing and such film cannot be 
used for the purpose according to the present inventicn. 
[0006] 

In addition, with the corpDsiticn of the disclosed coating soluticn 
in WO 97-134, there is a disadvantage that the coated film tend to 
attach to the reverse side thereof due to insufficient drying and 
hardening of the coated layer during high speed film formation. In 
particular, a film which can be laminated by heat-pressing has low 
tenperature prc^rty as to thermal resistance and thermal deformation 
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as low as lOO^C / it is difficult to carry oat high speed formtion of a ' 
film which is applicable for heat- laminating process by using the 
coating solution and coating method disclosed in WO 97-134, and 
photocatalytic activity may disappear depending \jpoa the condition of 
heat-laminating process given. VJhereas, According to the application 
by dipping or spraying, it is practically not applicable in view of 
constrains in production facilities, film formatioi speed and drying 
speed in case of plate-shaped large metal plates. Efcwever, such method 
has problems in production cost, since it requires long drying process 
after coating, and particularly in case of a iretallic plate longer than 
one meter, a big size drier and long drying process more than 30 
minutes are required, v*iich is the cause to make production speed slow 
and hi^ cost. 

[0007] 

For carrying a photocatalyst onto a metallic plate, a coated 
metallic plate, a resin-coated itetallic plate and an enamelled metallic 
plate for aiming at providing antiflouling, antibacterial and deodorant 
activity thereto, a method to directly provide a photocatalyst structure 
which is supporting a photocatalyst layer via an adhesive layer onto a 
metallic plate or the like can be employed. However, this method 
requires loiger time for drying process after coating than the case of 
film formation. Namely, in view of heat capacity, at least minute 
level duration is required for drying vftien directly forming a film onto 
a metallic plate, whereas only second level duration is enough for 
drying v*ien taking such film formation process. Therefore, from 
production efficiency point of view, taking film formation is more 
advantageous even taking the tiine required for laminating film into 
ocnsideration, if the shape of the metallic plate is flat sheet-like. 
This method has other disadvantages such that the metallic plate might 
be corroded and gets nist during drying process owing to pH condition 
of an adhesive layer and a photocatalyst layer and that coating of 
horogeneous film oxto a metallic plate by dipping or spraying to cause 
the thickness of the film irregular particularly in case that the size 
of the metallic plate is larger than one meter, thereby giving 
limitation in the type and size of applicable metallic plates. 
t0008] 
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[Probleirc to be solved by the invention] 

It is an object of the present invaiticn to provide rretallic plates, 
resin-ooated metallic plates, paint-coated metallic plates or enamelled 
metallic plates, which are laminated with a photocatalyst-supporting 
film having excellent deodorant, antifouling, antibacterial, antifungal 
effects, etc. 

[0009] 

[Means for Solving Prdalem ] 

It is an object of the present inventiai to provide a process to 
efficiently laminate a transparent ptratocatalyst-SLfporting film at hi^ 
speed by heating and a photocatalyst-supporting film of which 
Etotocatalytic activity is not inferiorly influenced by heat-laminating 
process of the Eirvotocatalyst-sufporting film, which oiables to carry cn 
a photocatalyst onto surface of a film which is suitable to give 
laminatiati thereon at high speed with good production efficiency. And, 
the objective is found to be achieved by providing an invention to 
laminate a polymer resin film having photocatalytic activity, whLdi can 
deoorrpose triolein at a rate of 5/z m/aS /day or more under irradiation 
of UV rays in UV-A region at a rate of 3 nW/ caf and at an atmospheric 
tenperature of 25°C and relative humidity of 70%, onto the surface Of a 
metallic plate by applying heating and pressing. 
[0010] 

Namely, the present invention is related to a metallic plate 
laminated with a phbtocatalyst-sufporting film being obtainable by 
laminating a photocatalyst-sifl^porting film carposed of a polymer resin 
film, vtiereto a photocatalyst layer is carried cn via an adhesive layer, 
by flying heating and pressing onto the surface of the metal plate 
and having photocatalytic activity capable of deocn?r>sing triolein at a 
rate of 5 n g/cnf /day or more by irradiating ultraviolet rays in UV-A 
range at a strength of 3 mW/cnf under condition of atmospheric 
tenperature of 25 °C and relative humidity of 70%. 
[0011] 

The present inventiai is also related to a metallic plate being 
laminated with the said Etotocatalyst-supporting film, characterized in 
that said polymer resin film is cne obtained by laminating at least two 
types of resin films, that the polymer resin is one selected from a 
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group ccnsisting of polycarbcmte resins, cxYolymerizaticn resins of at ' 
least two types of polymethylmetacrylate resins and/or polyacrylate 
resins, poly (vinyl chloride) resins and cellophane resins, that the 
thickness of the polymer resin film is in a range of f ran 5 to 200 m, 
that the adhesive layer is formed by coating a coating solution 
containing a silane coupler as a hardener, that the coating solution 
for an adhesive layer is prepared by adding a silane coupler in an 
arrount of 0.1-5% by weight based cn the weight of the coating soluticn 
as a hardener into a coating solution containing a denaturated silicon 
resin in an amsunt of 2-20% by weight based on the weigjit of the later 
coating solution, and the denaturated siliccn resin contains either 10- 
50% by weight of polysiloxane or 5-30% by weight of colloidal silica, 
that the coating solutlcn for an adhesive layer is prepared by adding a 
silane coupler in an amount of 1-5% by weight based cn the weight of 
the coating solution as a hardener into a coating solution which 
contains either of msnoalkyltrirretho^ilane or its deccirposed-product, 
polysiloxane, in an amount of 1-10% by weight and silica sol in an 
amount of 0.1-5% by weight based cn the later coating solution, that the 
thickness of the adhesive layer is in a range of frcm 0.5 to 5 jj.m, 
that the 0iotocatalyst-suKXDrting layer contains a metal oxide sol in 
an amDunt of 1-10% by weight as a solid corpcnent and titanium dioxide 
sol in an amount of 1-10% by weight as a solid carponent, that the 
photocatalyst-supporting layer contains silica sol in an amount of 1- 
10% by weight, either of monoalkyltrlmethoxysilane or its hydrolyzed 
product In an amount of 1-10% by weight and titanium dioxide sol in an 
amount of 1-10% by weight, that the thickness of the photocatalyst- 
sujporting layer is in a range of from 0.1 to 5jim, that the metallic 
plate is one selected from a group consisting of an iron plate, a 
stainless steel plate, an aluminium plate and an aluminium alloy plate, 
that the metallic plate is any of a resin-^coated metallic plate, a 
coated metallic plate and an enamelled metallic plate, vAiich are coated 
either in a single layer or in multiple layers with one or more than twD 
resins selected frcm a group consisting of poly (vinyl chloride) resins, 
polyethylaietelephathalate resins and polymethylmetacrylate resins, and 
that the shape of the metallic plate is sheet-like, tubular or 
corrugated. 
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[0012] 

Further, the present invention is related to a process for 
preparing a metallic plate laminated with a Ehotocatalyst-supporting 
film characterized in that the process is constituted of the first 
process to coat arxi then to dry a coating solution for an adhesive layer 
added with a silane coupler as a hardener onto a polynner resin film^ 
the second process to coat and then to dry a coating solution for a 
photocatalyst layer onto the adhesive layer to prepare the 
photocatalyst-si^porting film vMch carries a photocatalyst layer cnto 
the polymer resin film via the adhesive layer and the third process to 
laminate the photocatalyst-supporting film onto the surface of the 
metallic plate by flying heating and pressing process. 
r0O13] 

Again, the present invention is related to reflection plates for 
lighting fixtures, outdoor signboards, home-use electric appliances, 
guardrails and road signs vJiich are using the metallic plate laminated 
with the photocatalyst-supporting film described above at least as a 
part, 

[0014] 

. [Mode for Carrying Out the Invaitioi ] 

The metallic plate laminated with a photocatalyst-sifporting film 
is pr^jared firstly by coating a coating soluticn for an adhesive layer 
containing a silane coupler as a hardener onto a film, for exanple a 
polymer resin film, then drying the coating soluticn, and subsequently 
coating a coating soluticn for a photocatalyst layer, then drying the 
coating solution for a photocatalyst layer to prepare a photocatalyst 
layer on the polymer resin film via an adhesive layer, and then 
laminating by heating and pressing the photocatalyst-supporting film 
onto the surface of the metallic plate. The cross section illustration 
for the inventive metallic plate laminated with the photocatalyst- 
supporting film is shewn in Fig, 1. 
[0015] \ 

For examples of the material used for the polymer resin film 
specified in the present invention, polycarbonate resins, copolymer 
resins made of at least two polymethylmetacrylate resins and/or 
polyacrylate resins, nylon resins, polyamide resins, polylmide resins. 
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polyacrylonitrile resins^ polyurethane resins, poly (vinyl chloride) 
resins, cellophane resins, polyvinylalcohol resins, vinyl acetate- 
ethylene ccpolyraer resins and ethylene-vinyl alcchol copolymer resins 
are given. However, it is preferable to use such materials that have 
both tensile strength and elastic modulios enough to resist to a given 
tensicn caused by a film-forming apparatus in order to avoid causing 
spreads and wrinkles of the film at coating the solution and forming the 
photocatalyst layer and the adhesive layer and to obtain a honogeneous 
arri uniform piiotocatalyst-si^porting film. 
[0016] 

Among the resins as exemplified above, it is particularly 
preferable to use a film composed of any of polycarbonate resins, 
copolymers resins made of at least two polymethylmetacrylate resins 
and/or polyacrylate resins, poly (vinyl chloride) resins and cellophane 
resins, and the photocatalyst-supporting film using any of these resins 
has excellent properties In all of fhotocatalytic activity, durability, 
film-forming performance, laminating performance, lower cost, etc. 
Further, the use of a film pr^ared by laminating two or more of these 
films described above can greatly improve important properties for a 
photocatalyst-si^porting film, particularly weather-resistance, heat- 
resistance, moisture permeability, etc. Therefore, it is possible to 
design and change the property of the photocatalyst-supporting films 
depending ipcn the condition \*iere the film is to be used, v*iich is more 
advantageous for industrial scale production thereof. 
[0017] 

The thickness of the polymer resin film to be used in the present 
invention is preferably in a range of from 5 to 200/z m, and the 
formation of both adhesive layer and photocatalyst layer becomes 
difficult the thickness is less than 5 // m, v*iereas the laminating 
work becomes difficult and requires higher cost viien the thickness is 
more than 200 /zm, 
[0018] 

The photocatalyst-supporting polymer resin film of the present 
invention to be used for the lamination onto a metallic plate has a 
structure wherein an adhesive layer is provided in between the 
photocatalyst layer and the film, as shown in Fig. 1* The adhesive 



layer is prepared by coating and then drying a coating solution for an 
adhesive layer onto the film^ which has a role to firmly adhere a 
phcfbocatalyst layer onto the film and prevents the deterioration of the 
activity of the photocatalyst caused by a plasticizer component 
spreading fran the film or the polymer resin laminated with the film and 
degradation of the film due to photocatalytic effect, and the adhesive 
layer itself has a characteristic being resistant to the photocatalytic 
effects 

[00191 

For the coating solution for an adhesive layer, the one which 
contains a si lane coupler as a hardener is preferably used. 
Incorporation of the silane coupler into the coating solution for an 
adhesive layer enables to accelerate the hardening of the adhesive 
layer to form a film, which allows to wind the film without causing 
sticking of the adhesive layer to the reverse side of the film, thereby 
enabling the formation of the film at high speed. Further, The 
incorporation of the silane coipler can prevent the deterioration of 
photocatalytic activity of the photocatalyst-supporting film laminated 
onto the surface of a metallic plate by means of heating and pressing 
and allows to maintain the photocatalytic activity owned by the 
Ehotxxatalyst-siJEPi^rting film before subjecting it to laminating process. 
[0020] 

For an exanple of the coating solution for an adhesive layer, the 
one prepared by adding a silane coupler as a hardener in an amount of 0. 
1-5% by weight based an the weight of the coating solution containing 
at a ccncentration of 2-20% by weight either a silicon denaturated 
resin containing 10-50% by weight of polysiloxane or a silicon 
denaturated resin ccntaining 5-30% by weight of colloidal silica, into 
the coating soluticn is given, 
(0021) 

In case of using a siliccn denaturated resin, such as acrylsiliccn 
resins and epoxysilicon resins, which contains polysiloxane at a 
concentration of less than 10% by weight, or a silicon denaturated 
resin vMch ocntains colloidal silica at a concoitraticxi of less than 5% 
by weight, for the coating soluticn for an adhesive layer, adhesivity 
of the photocatalyst layer at the time of light irradiation gets 
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insufficient, and the adhesive layer decorposes due to photocatalytic 
effect of aitdoor strong ultraviolet rays, vAiereby easy exfoliation of 
the adhesive layer is caused. Whereas, in case of using a silicon 
denaturated resin which contains nore than 50% by weight of polysiloxane 
or nore than 30% by weight of colloidal silica, adhesion between the 
adhesive layer and a carrier structure gets insufficient, the adhesive 
layer gets porous, or adhesicxi between carrier film and the adhesive 
layer gets insufficient, thereby causing easy exfoliation of 
Eiiotocatalyst layer fron the film. 
[0022] 

Further, for an exarrple of the coating solution for an adhesive 
layer, the cne prepared by adding a silane coupler as a hardener in an 
amcxjnt of 0.1-5% by weight based on the weight of the coating soluticxi 
into a mixture of silica sol and either of mOToalkyltrimethoxysilane or 
the hydrolyzed product, polysiloxane. For examples of the 
monoalkyltrimethoxysilane, monomethyltrimethoxysilane and 
mcnoethyltrinoethoxysilane are preferably given. For the silica gel, it 
is preferable to use the one having the finest primary particle size, 
and it is particularly preferable to use the one having a primary 
particle size less than 20 nm for obtaining a transparent film. To the 
coating solution, it is preferable to incorporate 0.1-5% by weight of 
silica gel and either of monoalkyltrimethoxysilane or its hydrolyzed 
product, polysiloxane, at a concentration of 1-10% by weight for 
obtaining better adhesive property and catalytic activity. The rate for 
the amDunt of silica gel and either of monoalkyltrimethoxysilane or the 
hydrogenated product is preferably in a range of from 80/20 to 40/60, 
and addition of an acid catalyst, such as mineral acid, may be useful 
to accelerate hardening. 
[0023] 

The amount of the silane coupler as a hardener to be added is 
preferably in a range of from 0.1 to 5% by weight based on the weight 
of the coating soluticn for an adhesive layer, even though the coating 
solution is composed of polysiloxane-silicon denaturated resin, 
colloidal silica-siliocn denaturated resin or monoalkyltrinBthoxysilane- 
silica sol. In case that the added-amount of the silane ocupler is less 
than 0.1% fay weight, the ooated-layer sticks to the reverse side of the 



film when winding the coated-film following to drying, thereby making 
subsequent coating of the photocatalyst layer difficult, VJhereas, in 
case that the added-amount of the silane coupler is more than 5% by 
weight, hard^iing of the coating solution goes too fast or the coating 
soluticn gels during the fonraticn of the film, vtoi the silane coupler 
in an amount of 0.1-5% by weight based on the weight of the coating 
soluticn is ^lied, ftotocatalytic activity does not deteriorate, evai 
though the {hotocatalyst-sufporting film is laminated onto the surface 
of a metallic plate by means of heating and pressing, and the 
photocatalytic activity can be maintained to the same level as one given 
before laminating process. 
[0024] 

For the silane coupler, oarpounds represented by general fonuilas, 
RSi(X)3 and (R)zSi{x)2, wherein R represents an organic functional 
group and X represents chlorine or alkoxy, can be used, and wherein R 
represents methyl, ethyl, vinyl, r -glycidoxypropyl , r - 
metacryloxyprcpyl, ,r -(2-aminoethyl)aminopropyl, r -chloropropyl, r- 
mercaptoprop7l r r -aminopropyl, 7 -acryloxypropyl or the like and X 
represents chlorine and C1-5 alkoxy, such as methoxy, ethoxy andjS - 
methoxyethoxy. 

[0025] 

VJhereas, for a purpose to prevent deterioration of the adhesive 
layer -due to influence of the photocatalytic activity and to inrprove 
the durability, a jJiotostabilizing agent and/or an ultraviolet absorbent 
or the like may be incorporated into the adhesive layer. As usable 
photostabilizing agents, it is preferable to use hindered amine 
cotpounds, however, any other photostabilizing agents can be iised as 
well. Whereas, triazole compounds can be used as the ultraviolet 
absorbent. The amount of the ultraviolet absorbent to be added into the 
coating solution is in a range of from 0.005% by weight to 10% by 
weight based cn the weight of the coating solution, and more preferably 
from 0.01% by weight to 5% by weight. The incorporation of a 
photostabilizing agent and/or a UV absorbent into the adhesive layer 
enables to improve the weather resistance of a polymer resin film 
carrying a photocatalyst, vtiich gives an advantage >4ien it is used at 
outdoor. In addition, addition of a surface active agent in an amomt 
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of 0.00001-0.1% by weight into the coating solution for an adhesive ^ 
layer enables to get excellent metallic plates laminated with the 
fixtocatalyst-sijfporting film. 
[0026] 

For coating an adhesive layer onto a film, a method to coat a 
coating solution for an adhesive layer by means of gravure, 
microgravure, corma coating, roll coating, reverse roll coating, bar 
coating, kiss coating and flew coating, then to dry the coating soluticn 
can be given, ^^rcpriate teirperature during the drying process can be 
different depending on a coating method, a solvent used, a type of a 
resin used for a film and thickness of a film, hcwever, it is preferably 
at 150 or less. 
[0027] 

Uie thickness of the adhesive layer is preferably 0.5/zm or more. 
V4ien the thickness is less than 0.5 /zm, an effect to firmly adhere the 
jtotocatalyst layer onto a film gets insufficient and the photocatalyst 
layer may exfoliate fron the film after long time use. Although it is 
not a substantial problon to make the adhesive layer thick, however, 
drying during the formation of the adhesive layer gets insufficient, 
thereby causing the layer irregular and raising the cost for forming 
the adhesive layer. 
[0028] 

Uie pix>tocatalyst-si^porting polymer resin film according to the 
present inventiai to be used for lamination onto a metal plate has a 
structure that an adhesive layer is provided ai a photocatalyst layer, 
as shown in Fig.l. The photocatalyst layer can be formed by coating a 
coating solution for photocatalyst layer which, for exanple, contains 
1-10% by weight of rretal oxide sol as solid component and 1-10% by 
weight of titanium dioxide sol as solid cotponent and then drying the 
soluticn. The metal oxide sol contained in the coating solution for a 
photocatalyst layer works not only to fix the titanium dioxide sol and 
firmly adhere it to an adhesive layer but also to enhance ptotocatalytic 
activity owing to its absorption property based on the porous structure 
of the gel obtained by drying the metal oxide sol. Ratio of the metal 
oxide sol and the titanium dioxide sol in the coating solution for a 
photocatalyst layer is preferably in a range of from 25/75 to 95/5. 



Adhesicn to the adhesive layer gets insufficient when the ratio of the 
metal oxide sol is less than 25%, whereas photocatalytic activity gets 
insufficient when the ratio is more than 95%. Further, when the 
specific surface area of the gel that is obtained by drying the metal 
oxide sol is 100 rrf/g or more, the adhesivity get more firm as well as 
iirprovaient in the photocatalytic activity. For an exairple of the metal 
in the metal oxide sol, silicon, aluminium, titanium, zirconium, 
magnesium, niobium, tantalum and tungsten are preferably given, and 
mixtures of these metal oxide sol and conrplex oxide sols prepared by 
ocprecipitaticn method, etc. can be used as well. 
[00293 

When mixing a metal oxide sol with titanium dioxide sol, it is 
preferable to mix it in sol state or in a state being at before 
preparing into the sol. As a method to prepare the sol, a method to 
hydrolyze the metal salt, a method to decompose it under neutral 
oorditicn, a method to subject it to icn exchange, a nethod to liydrolyze 
the metal alkoxide,. etc. can be givai, however, any methods which allow 
to obtain the sol wherein titanium dioxide sol is homogeneously 
distributed can be errployed. However, it is more preferable to use a 
sol v*iich contains less inpurities since such impurities in greater 
amount in the sol may give unfavorable effects on adhesivity of a 
E*iotocatalyst and its photocatalytic activity. In particular, when 
organic substance in an amount more than 5% by weight relative to the 
dry weight of the sol is ccntained in the sol, photocatalytic activity 
may be decreased, particularly, it is more preferable to use zirocnium 
oxide sol or aluminium oxide sol to prepare a photocatalyst layer, since 
it may facilitate to get through tape exfoliation tests after having 
either 15 min. resistance test to boiling water or dipping test for 168 
hours into 5% sodium carbonate solution. 
10030] 

Whereas, it is particularly preferable to use a coating solution 
for a photocatalyst layer v*iich is ocnposed of a mixture of silica sol 
in an amount of 1-10% by weight, either mcnoalkyltrimethoxysilane or 
its hydrolyzed-product in an amoiint of 1-10% by weight and titanium 
dioxide sol in an amount of 1-10% ty weight for coating onto an adhesive 
layer to ctotain a photocatalyst layer. For the mcnoalkyltrlirethoxysila 
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ne, it is more preferable to use methyltrimethoxysilane and 
methyl triethoxysilane. The ratio to mix silica sol with either 
ircnoalkyltrimethoxysilane or its hydrolyzed-product, it is preferable to 
select a rate by weight of from 100/0 to 60/40, whereas as a rate by 
wei^ of titanium dioxide sol to a silane ocitpound, it is preferable to 
use a ratio of from 5/95 to 75/25. In case that the ratio for the 
silane compound is more than 95, photocatalytic activity may be 
decreased, while adhesivity to an adhesive layer may be decreased whai 
the ratio is lower than 25. 
[0031] 

For the photocatalyst in a photocatalyst layer, TiOz ZnO, SrTiO, 
CdS, Gap, InP, GaAs, BaTiOj. KjNbOj. FejO,. TajO, , WO,, SnOz, 
BizOa, NiO, CU2O, Sic, SiOz, M0S2, IriPb, RUO2, CeOz, etc. can be given. 
Further, any Fhotocatalysts as exenplified above vJiereto a metal, such 
as Pt, Rh, RuOz, Nb, Cu, Sn and NiO, and their oxide conpounds, is 
incorporated can be also used. The content of a photocatalyst in a 
photocatalyst layer is preferably Icwer than 75% by weight in view of 
adhesivity, though photocatalytic activil^ Increase along with increase 
of the content. In order to further improve antibacterial and 
antifungal activities, it is also useful to incorporate a metal or a 
metallic catpound in an amount of 0.05-5% by weight relative to the 
weight of titanium dioxide photocatalyst in a .photocatalyst layer. 
When the inoorporated-amount of such metal corpound is less than 0.05% 
by weic^it, the iirproving effect cn antibacterial and antifungal activity 
is poor, while discoloratiai of a photocatalyst layer may be caused 
v*ien the incorporated-amount of a metal catpound is more than 5% by 
weight, which may give constrain to use such a photocatalyst layer 
depoxling upcn the color or design of a resin structure laminated witii a 
film. 

[0032] 

For the formation of a photocatalyst layer on an adhesive layer, a 
suspaision vherein a photocatalyst is dispersed in either a metal oxide 
sol or a metal Inydroxide sol can be used according to the coating method 
as described above in the formation of an adhesive layer. 
Alternatively, a jiTotocatalyst can be di^rsed in a precursor solutioi 
of such metal oxide or metal hydroxide, then to prepare sol or gel of 



such iTBtal oxide or netal hydroxide by subjecting them to hydrolysis or 
deccnpositicn under neutral ocnditicn at coating. Vtei sudi sol is used, 
a deflocculant, such as an acid and an alkali, may be added for 
stabilizing the sol suspension. By adding a surface active agent or a 
silane coupler in an amcunt of 5% by weight relative to the weight of a 
photocatalyst into the sol suspension to improve adhesivity and 
handling efficiency. However, the addition of a silane coupler into a 
photocatalyst layer cannot prevent decrease in fhotocatalytic activity 
at a process to lamiiiate a fhotocatalyst-carrying film cnto the surface 
of a metallic plate or a resin structure by heating and pressing and 
facilitate to maintain the photocatalytic activity owned by a 
photocatalyst-supporting film before the laminating process. 
Tenperature at forming a photocatalyst layer is preferably 1501C or 
lower, though c^prcpriate tenperature may differ depaiding i^xn coating 
irethod, a material used for a film or resin type of an adhesive layer. 
[0033] 

The E^iotocatalytic activity increases along with the increase of 
thicJ^ness of a ptobocatalyst layer, however, in a range more than 5 /^ro, 
no more increase of photocatalytic activity is recognized. The 
photocatalyst layer having thickness less than 5 am shows high 
photocatalytic activity, still has light permeability and makes a 
photocatalyst layer less distinguished, v*iereas the fhotocatalyst layer 
in less than 0.1 //m thick has high light permeability, but it allows 
ultraviolet rays to be utilized by a Ehotocatalyst passing therethroicfi, 
whereby unable to obtain high photocatalytic activity. High 
piiotocatalytic activity can be obtained by making the thickness of a 
photocatalyst layer to a range of from 0.1 to 5 // m and using a 
photocatalyst crystals having a particle size of 40 nm or less and 
either a metal oxide gel or a metal hydroxide gel having a specific 
surface area of lOOnf /g or more. In this case, it is also favorable to 
use such ^lotocatalyst layer in view of picture because it does not 
defile the appearance of metallic plates, resin-coated metallic plates, 
coated metallic plates or enamelled metallic plates to which a base 
film is laminated. 
L0034] 

For the metal plate to be laminated with a Ehotocatalyst-su?porting 
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film by heating and pressing, any kind of metallic plates being 
typically-used, such as an iron plate, a stainless plate, an alloyed 
stainless plate, an aluminium plate, an alxjminium alloy plate, etc. can 
be used. For the rretallic plate, in additioi to siirply using a netallic 
plate as it is, a metallic plate coated in single layer or multiple 
layers with one or more resins selected from a group consisting of 
poly (vinyl chloride) resins, polyethylenetelephthalate resins and 
polymethylmetacrylate resins, a metallic plate coated with paints, an 
enamelled metallic plate, etc. are also preferably used. As to the 
shape of the metallic plate, any shape vMch may suit for laminating a 
photocatalyst-supporting film therecn, such as sheet-like, tubular and 
corrugated sheet-like, can be selected. 
C0035) 

As a method to laminate the photocatalyst-supporting film mto 
various types of metallic plates, a iTBthod to laminate the film onto a 
metallic plate, a paint-coated metallic plate, a resin-coated metallic 
plate and an enartelled metallic plate, vMle heating and pressing the 
film by using a heated roller or the like, a method to laminate a 
photocatalyst-supporting polymer resin film by heating and pressing, 
which utilizes heat being applied during manufacturing of resin 
structures, onto a paint-coated metallic plate, a resin-ooated metallic 
plate or an enanelled metallic plate, are preferably used because these 
methods allow industrially efficient manufacturing. For the laminaticn 
of the photocatalyst-sufporting film by heating and pressing onto a 
metallic plate, it is preferable to enploy a laminating method fcy short 
time heating normally at a tennperature of from 60 to 200 X though it 
depend on the material of the resin used for the base film, a 
laminating method by heating and pressing \Mch utilizes heat arising 
at heating and drying process for coating a resin or paints onto a 
metallic plate structure, a laminating method by heating and pressing 
which utilizes heat arising at molding a metallic plate structure, and 
the like can be preferably eirployed. 
[0036] 

Further, in case of a iretallic plate of vJiich structure surface is 
not processed to chemical or coating treatment, it is possible to 
further iitprove the film adherence and resistance of the heat-laminated 



